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Rationale and Background

•
 

The completion of the initial Soil Survey for 
the United States is projected around 
2010;

•
 

The launching of Web Soil Survey (WSS) 
and other on-line soil information;

•
 

New high resolution spatial data and 
spatial analysis software. 

Presenter
Presentation Notes
Soil Survey is now focused on creating seamless soil coverage for the US via “edge matching”

WSS has increased soil survey exposure and has created at the same time new demand from 

other customers for soil information in addition to the traditional ones.  Raster based soil info

Is being sought and also soil property maps for special uses.

This coincides with the development of new powerful spatial data and 

Spatial analysis tools.  All these developments present new challenges for the Soil Survey.

While these challenges have been well recognized, Soil Survey is still struggling to raise to the challenge

Not for lack of information but rather lack of standardized methods to generate new raster based maps.  

  



Polygon vs. Raster
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• Polygons

• Discreet boundaries

• Broken interconnectedness

• Vague predictions (value ranges)

• Incompatibility with raster-based models

•

 

Simplicity of representation, complexity of 
interpretation 

• Rasters

• Fuzzy boundaries

• High degree of interconnectedness

• Specific predictions at specific geographic intervals

• High compatibility with raster models

•

 

Complexity of representation, simplicity of 
interpretation



Presenter
Presentation Notes
The questions facing all of us as soil scientists are:  Are well positioned for the challenge?” and 

“How do we get from traditional soil polygon maps to raster based soil maps and property maps?” 

“How do we get from soil properties discrete ranges and RV to continuum soil property maps?”  



Assign a property value 
for each soil;

Depth to Limiting Layer 
Available Water 
Holding Capacity; etc.

Based on Fuzzy 
membership values 
predict the soil property 
( Vij ) at ij location; 

Sij –

 

assigned property value; 
Sk

ij –

 

fuzzy membership value.

TASM Processes 
Data Mining from 

digital and analog 
sources to establish 

soil-landscape 
relationships

Quantifying 
relationships 

between soils and
their environment 
(Terrain Attributes)

Formalizing 
the relationships 

between soils and 
Terrain Attributes

(Rules)

Creating 
Rater based 

maps 
and Predicted 
Soil Property 

maps

County Soil Survey;

OSD;

SSURGO; 

Aerial Photography;

DEM –

 

Terrain 
Attributes;

Tacit Knowledge;

Field data and 
observations;

Block Diagrams.

TWI; 

Slope;

Curvature;

Valley Bottom 
Flattens;

Ridgetop Flattenss; 

Soil Knowledge 
miner;

Histograms

Decisions Tree for 
terrain/soil relationships 
for each relevant  
terrain attribute:

IF..THEN..EITHER/OR 

IF  Slope <  10  THEN 
Soil A;

IF  TWI  > 10  THEN 
Soil B;

IF Slope < 10 AND >15 
and 

TWI<5 AND >10 THEN 
Soil C.
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Presenter
Presentation Notes
We have coined the term TASM that stands for Terrain Attribute Soil Mapping. TASM is a unique combination of technologies within the conceptual framework of Digital Soil Mapping (DSM) defined as “the creation and population of spatial soil information systems by numerical models inferring the spatial and temporal variations of soil types and soil properties from soil observations and knowledge and from related environmental variables” (Lagacherie and McBratney, 2007).  TASM is more of an operational definition compared to broad and conceptual DSM definition and is not intended to replace the later one.  It rather promotes a certain aspect of DSM by emphasizing the knowledge-driven approach (Walter et al., 2007, McKenzie and Gallant, 2007) that uses not only qualitative mental models of pedogenesis to select the most appropriate soil covariates (Lagecherie, 2008) but also energy models (Runge’s Energy Model) best expressed by soil-landscape models.  Many such attempts have been made, some quite successfully, but TASM is the only method that combines fuzzy membership techniques, high resolution data, and tacit knowledge (from field soil scientists, SSURGO data, soil survey, soil characterization laboratory data) with advanced terrain analysis techniques such as the SAGA wetness index, the MRRTF, and the MRVBF.  



TASM Principle

Soil Properties Soil-Landscape

Soil Development

Water

Soil-Water Relationships 

Presenter
Presentation Notes
TASM is a systematic and process oriented approach that emphasizes soil-terrain attribute relationships at the landscape scale, 

the scale at which soil patterns and properties and their relationships with the terrain are best expressed.

it is confined within an area where all soil forming factors, climate, vegetation, parent material and time 

are maintained relatively unchanged except for topography.  
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Presentation Notes
TASM in principle is similar to the well established soil survey mapping philosophy, except that 

It uses new spatial tools and data  to describe the same soil landscape relationships and is still 

depends on tacit knowledge. 



Terrain Attributes Soil Relationships
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AACH >0.09

TWI <12

MRRTF < 2.4

MRVBF < 2.9

Slope 18-50 %

AACH 0.5-2.0

Gilpin

Cuba

Zanesville

Tilsit

Gilpin-Berks 
complex

Presenter
Presentation Notes
Back to the Block diagram this is now a numerical representation of the 

Relationship between each soil or group soils and landscape position through

Terrain attributes.
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Presentation Notes
So we have moved from the traditional soil polygon map to a raster based map

That assigns a unique membership value for soils at each pixel.  This is very 

Powerful  as it sets the foundation for generating soil property maps 

Based on continuum rather than discrete boundaries.
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Presentation Notes
As an example the depth to the paralithic contact was generated based on the 

SSURGO RV values and TASM 
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Presentation Notes
The differences are obvious.  This method can overcome issues related to the 

Polygon boundaries as well as county lines
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Analysis of Variance Results 
Source of Variability F Value P Value Statistical Differences

Landscape position (LP) 19.6 < 0.0001 Significant

Method (TASM vs. Measured) 4.22 0.04 Marginal

LP*Method 1.72 0.18 Not significant

Validation 

Presenter
Presentation Notes
However, the bottom line is always the validation of the map.  There are two kind of validations

That the DSM acknowledges: customer one and the property values or scientific one.

In our example there is a difference in scale of data collection for the validation and the map compilation

But this data was available and we used it.  We are in the process of designing a sampling scheme that 

Will represent the scale at which the map was indented  in order to capture the pattern rather than the random 

Variability often displayed at finer scales.   



BmA

BmB2

Bs

Ca

CsA

CsB2

CyB2

Fc

FoA

FoB2

FsC3

Gh

Gp

HeE

Kk

Ko

Lw

Ma

MlB2

MlC2

MmB3

MmC3

MmD3

MrB2

MsB3

MsC3

OcA

OcB2

OkA

OkB2

Pa

Pc

Pe

Qu

RuA

RuB2

Sh

W

0 6 1 2 1 8 2 43
K i lo m e te rs
.

B lo u n t s ilt lo a m , 0  to  2  p e rce n t s lo p e s

B lo u n t s ilt lo a m , 2  to  4  p e rce n t s lo p e s , e ro d e d

B ro o ks to n  s ilty  c la y  lo a m

C ro sb y  s ilt  lo a m , 0  to  2  p e rce n t s lo p e s

C ro sb y  s ilt  lo a m , 2  to  4  p e rce n t s lo p e s, e ro d e d

C ro sb y -M ia m i s ilt lo a m s, 2  to  6  p e rce n t s lo p e s , e ro d e d

F in ca s t le  s ilt lo a m

F o x  s ilt l o a m , 0 to  2  p e rce n t s lo p es

F o x  s ilt l o a m , 2 to  6  p e rce n t s lo p es , e ro d e d

F o x  so ils , 6  to  1 2 p e rce n t s l o p e s , se ve re ly  e ro d e d

G e n e se e  s i lt lo a m

G ra ve l p its

H e n n e p in l o a m ,  2 5  to  6 0  p e rce n t s l op e s

H o u g h to n  m u ck , d ra in e d , 0  to  1  p e rce n t s lo p e s

K o ko m o  s ilt lo a m , o ve rw a sh

K o ko m o  s ilty  c l a y  lo a m

M a d e  la n d

M ia m i c l ay  lo a m , 1 2  to  1 8  p e rce n t s lo p e s, se ve re ly  e ro d e d

M ia m i c l ay  lo a m , 2  to  6  p e rc e nt  s lo p e s , se ve re ly  e ro d e d

M ia m i c l ay  lo a m , 6  to  1 2  p e rc en t s lo p e s , se ve re ly  e ro d e d

M ia m i s i lt lo a m , 2  to  6  p e rc e n t s lo p e s , e ro d e d

M ia m i s i lt lo a m , 6  to  1 2  p e rc e nt  s lo p e s , e ro d e d

M o r le y  s ilt  lo a m , 2  t o 6 p e rce n t s l o p e s, e ro de d

M o r le y  s ilt y  c la y  lo a m , 2  to  6  p e rce n t s lo p e s, s ev e rel y  e rod ed

M o r le y  s ilt y  c la y  lo a m , 6  to  1 2  p e rce n t s lo p e s , se ve re l y  e ro de d

O ck l e y  s ilt  lo a m , 0  to  2  p e rce n t s l op e s

O ck l e y  s ilt  lo a m , 2  to  6  p e rce n t s l op e s , e ro d e d

O ck l e y  s ilt  lo a m , l oa m y  su b s tra tu m , 0  to  2  p e rce n t s l o p e s

O ck l e y  s ilt  lo a m , l oa m y  su b s tra tu m , 2  to  6  p e rce n t s l o p e s , e rod e d

P a lm s m u ck, d ra in e d , 0  to  1  p e rc e n t s lo p e s

P a tt on  s ilty  c la y  lo a m , lo a m y  su b s tra tu m

P a tt on  s ilty  c la y  lo a m , o cca s io n a ll y  flo o d e d

P e w a m o  s ilty  c la y  lo a m

Q u a rr ie s

R u ss e ll s il t l o a m , 0 t o 2 pe rce n t s l o p e s

R u ss e ll s il t l o a m , 2 t o 6 pe rce n t s l o p e s, e ro de d

S h o al s  s ilt  lo a m

W a te r



Legend
Draft10_SM_Sliver
Value

Fincastle - New America  Flute

Starks - New America Flute

Treaty - New America Flute

Pel la  - Floodplain

Ockley - Floodplain

Miami - Floodplain

Morley - Floodplain

Genessee/Shoals

Shoals/Genessee

Palms - Muck/Histosol

Houghton - Muck/Histosol

Water/Mine Spoil

Water/Mine Spoil

Crosby high elevation - Russiavil le

Fincastle low elevation - Russiaville

Starks high elevation -  Russiaville

Starks low elevation - Russiaville

Brookston - low elevation - Russiaville

Brookston high elevation - Russiaville

Pel la  - Russiaville

Crosby - South Kokomo

Starks - South Kokomo

Brookston - South Kokomo

Pel la  - South  Kokomo

Alfiso l 1 - Washboard Moraine

Alfosol 2 - Washboard Moraine

Shallow Mollisol - Washboard Moraine

Deep Mollisol - Washboard Moraine

Alfiso l 1- Union City Moraine

Alfiso l 2 - Union City Moraine

Alfiso l 2 eroded - Union City Moraine

Shallow Mollisol - Union City Mora ine

Deep Mollisol - Union City Moraine

Blount - East of Moraine

Blount eroded - East of Moraine

Pewamo - East of Mora ine

Pewamo cumulic - East of Moraine

0 6 1 2 1 8 2 43
K ilo m e te rs

.



The Accuracy assessment results of validation between 
TASM (Producer) and SSURGO (User), for the main soil series

Soil Series Accuracy (%)

Producer User

Fincastle 0.87 0.92

Brookston 0.90 0.77

Crosby 0.90 0.78

Blount 0.68 0.84

Powamo 0.61 0.36

Shoals 0.21 0.37

Morley 0.20 1

Patton 1 1

Miami 1 0.09

Overall Accuracy (%) 0.77

Validation based on 460 geo-referenced points

κappa

 

Interpretation

< 0  —

 

No agreement

0.0   —

 

0.20     Slight agreement 

0.21 —

 

0.40     Fair agreement 

0.41 —

 

0.60     Moderate agreement 

0.61 —

 

0.80     Substantial agreement 

0.81 —

 

1.00     Almost perfect agreement

The kappa coefficient was 0.74 suggesting that 
the substantial agreement between TASM and 
SSURGO was not random







Conclusions

•
 

We have the tools to map gradations of 
soil variability;

•
 

Terrain attributes are useful for estimating 
soil properties;

•
 

Structural heterogeneity of soils can be 
simplified for hydrological response 
predictions because of functional 
homogeneity of soil properties.


